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TITLE 

DUAL DAMASCENE INTERCONNECTING LINE STRUCTURE AND FABRICATION 

METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a fabrication method for 
a semiconductor device, and more particularly, to a method of 

fabricating a semiconductor device having a dual damascene 

i 

interconnecting line structure. 
10 Description of the Related Art 

As the density of components in integrated circuits 
increases, the highly conductive components of an integrated 
circuit must be extremely small to provide enough space for 
the other components. Meanwhile, back end of line (BEOL) 

15 processes integrate an increasing number of dual -damascene 
interconnect techniques to meet the stringent requirements of 
state of the art metal interconnect processes. However, the 
RC delay associated with metal interconnect is detrimental to 
the circuit performance. In order to reduce circuit 

20 capacitance, low-k dielectric materials are used and new 
conductive materials, multi- level structures and patterning 
techniques are being investigated. 

Although conventional conductive components perform 
adequately for many applications, highly conductive 

25 components are beginning to limit the performance of extremely 
high density integrated circuits with very small components 
because the resistance per unit length of long, narrow 
conductive lines is undesirably high. Aluminum is desirable 
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for short or wide conductive features, but it is too resistive 
for use in long, narrow conductive components. Tungsten is 
also used for conductive components, but it is difficult to 
fill small voids in dielectric layers with tungsten. 
5 Generally, copper is more conductive than aluminum, but 

the resistance per unit length of copper conductive components 
may be too high for long, narrow conductive lines because 
copper loses an electron to the surrounding silicon and silicon 
oxide layers. Additionally, it is difficult to dry-etch a 

10 copper line due to the low vapor pressure of by-products during 
a dry etching process . Moreover, copper lines are particularly 
subject to corrosion such that it is difficult to use a copper 
line as a metal line in a semiconductor device. Typically, 
copper lines have lower resistance than other existing metal 

15 lines and also have excellent electro-migration properties. 

Under the limitations mentioned above, the conventional 
process of fabricating a dual -damascene interconnecting line 
structure is more complex when two steps of lithography and 
etching are used. Additionally, between the steps of 

20 lithography and etching, there is a residual photoresist 
problem resulting in lower yield. 

FIGS. 1A to IE are cross- sect ions illustrating 
conventional methods of forming a dual damascene 
interconnecting line structure in a semiconductor device. 

25 Referring now to FIG. 1A, a first conductive layer 11 is formed 
on a semiconductor substrate 10, and then a first interlayer 
dielectric layer 12 is formed on the first conductive layer 
11 . 

Referring to FIG. IB, a first photoresist layer 15 having 
3 0 a via contact hole pattern is subsequently formed on the first 
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interlayer dielectric layer 12 . The first interlayer 
dielectric layer 12 is etched using the first photoresist layer 
15 as a mask, thereby forming a via contact hole 16 exposing 
the first conductive layer 11. 
5 Referring to FIG. 1C, a second photoresist layer 17 having 

an interconnect trench pattern is formed on a second interlayer 
dielectric, layer 14 . The second interlayer dielectric layer 
14 is etched using the second photoresist layer 17 as a mask, 
thereby forming an interconnect trench 18 in the. second 

10 interlayer dielectric layer 14. Thus, a dual -damascene 
opening structure 19 is achieved. 

Referring to FIG. ID, a second conductive layer 2 0 is 
formed on the second interlayer dielectric layer 14 and fills 
the interconnect trench 18 and the dual -damascene opening 

15 structure 19. 

Referring to FIG. ID, the second conductive layer 20 above 
the second interlayer dielectric layer 14 is removed to 
construct a dual damascene interconnecting line structure 21 
with a plurality of contact vias and a damascene 

2 0 interconnecting line structure. 

U.S. Pat. No. 6,498,092 discloses three possible options 
available for the formation of dual damascene structures: 
via-first, trench-first and a self-aligned process (also 
called buried-via) . These three methods all require an etch 
25 stop layer with high dielectric constant, due to this, 
parasitic capacitance in the interlayer insulation layers is 
increased, thereby increasing RC delay during the operation 
of a semiconductor device . 

U.S. Pat. No. 6,271,593 discloses a method and substrate 

3 0 structure for fabricating highly conductive components on 
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microelectronic devices . However, a dielectric stratum having 
a high dielectric constant is used between the interlayer 
insulation layers, due to this; parasitic capacitance in the 
interlayer insulation layers is increased, thereby increasing 
5 RC delay during the operation of a semiconductor device. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
for fabricating of semiconductor device having a dual 
damascene interconnecting line structure. 

10 Another object of the present invention is to provide a 

fabrication method using a tri-layer photoresist for a dual 
damascene interconnecting line structure, thereby simplifying 
the fabrication procedure and reducing manufacturing cost. 

In order to achieve these objects, the present invention 

15 provides a method for fabricating a semiconductor device 
having a dual damascene opening, comprising the steps of: 
providing a substrate having a dielectric layer thereon; 
forming a first photoresist layer having a via contact hole 
pattern on the dielectric layer; forming a sacrificial layer 

20 on the first photoresist layer and filling up the via contact 
hole pattern; forming a second photoresist layer having an 
1 interconnect trench pattern on the sacrificial layer, thereby 
exposing the sacrificial layer beneath the interconnect trench 
pattern; transferring the interconnect trench pattern into the 

25 sacrificial layer using the second photoresist layer as a mask; 
and etching the first photoresist layer and the dielectric 
layer sequentially using the second photoresist layer as a 
mask, thereby transferring the interconnect trench pattern to 
the dielectric layer and forming an interconnect trench, and 
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further continuously etching the dielectric along the via 
contact hole pattern to form a via contact hole in the 
dielectric layer. 

The dielectric layer may preferably include a material 
5 selected from the group consisting of Si0 2 , borosilicate glass 
(BSG) , borophosphate silicate glass (BPSG) , f luorosilicate 
glass (FSG) , and tetra-ethyl-ortho-silicate (TEOS) . 

The first and second photoresists are preferably formed 
by a deep ultra violet photoresist. The first and second 

10 photoresists are selected from different photo resists. The 
sacrificial layer may be an I-line photoresist or 
non-photosensitive photoresist. 

In one embodiment of the present invention, the method 
for fabricating a dual damascene interconnecting line 

15 structure may further comprise the steps of forming a 
conductive layer on the dielectric layer and filling the via 
contact hole and the interconnect trench; and polishing the 
conductive layer until exposing the dielectric layer to 
achieve a damascene interconnecting line structure with a via 

2 0 contact . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the subsequent detailed description in conjunction 
with the examples and references made to the accompanying 
2 5 drawings, wherein: 

FIGS. 1A through IE are cross-sections illustrating 
conventional methods of forming a dual damascene 
interconnecting line structure. 
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FIGS. 2A through 21 are cross-sections illustrating 
methods of forming a dual damascene interconnecting line 
structure according to the preferred embodiment of the present 
invention . 

5 DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 2A to 21 are cross-sections illustrating a method 
of forming a dual damascene interconnecting line structure in 
a semiconductor device according to a preferred embodiment of 
the present invention. 

10 Referring to FIG. 2A, a first conductive layer 102 is 

formed on a semiconductor substrate 101 (e.g., silicon 
substrate) , and then an interlayer dielectric layer 103 is 
formed on the first conductive layer 102. The interlayer 
dielectric layer 103 may preferably include a material 

15 selected from the group consisting of Si0 2 , borosilicate glass 
(BSG) , borophosphate silicate glass (BPSG) , f luorosilicate 
glass (FSG) , and tetra-ethyl-ortho-silicate (TEOS) . 

Referring to FIG. 2B, a first photoresist layer 104 having 
a via contact hole pattern 105 is subsequently formed on the 

20 interlayer dielectric layer 103. The first photoresist layer 
104 can be a chemically amplified silicon photoresist or deep 
ultra violet (DUV) photoresist. 

Referring to FIG. 2C, a sacrificial layer 106 is formed 
on the first photoresist layer 104 and fills up the via contact 

25 hole pattern 105. The sacrificial layer 106 can be I-line 
photoresist. Next, a second photoresist layer 108 having an 
interconnect trench 107 on the sacrificial layer 106, thereby 
exposing the sacrificial layer 106 beneath the interconnect 
trench 107 as shown in FIG. 2D. The second photoresist layer 
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108 can be chemically amplified silicon photoresist or deep 
ultra violet (DUV) photoresist. 

In one embodiment, the first and second photoresists are 
chemically amplified silicon photoresist or deep ultra violet 
5 (DUV) photoresist. The thickness of the first and second 
photoresists is about 1000 to 5000A. The first and second 
photoresists can also be selected from different photoresists . 

The sacrificial layer is I-line photoresist. The 
thickness of the sacrificial layer is about 4000 to 12000A. 

10 The sacrificial layer can be non-photosensitive photoresist 
having a higher etching rate than the etch rate of the first 
or second photoresist. 

Referring to FIG. 2E, a first anisotropic etching El is 
performed on the sacrificial layer 106 using the second 

15 photoresist layer 108 as a mask. The first anisotropic etching 
El includes reactive ion etching (RIE) or plasma etching. The 
etching rate of the sacrificial layer 106 is higher than the 
etching rate of the first or second photoresist, wherein the 
ratio of the etching rates of the sacrificial layer 106 and 

20 the first or second photoresist is about 5-15:1. The 
interconnect trench pattern 107 is transferred to the 
sacrificial layer 106. Because the etching rate of the 
sacrificial layer 106 is higher than the etching rate of the 
second photoresist 108, the sacrificial layer 106' within the 

25 via contact hole 105 can be etched exposing the dielectric 
layer 103. 

Referring to FIG. 2F, a second anisotropic etching E2 is 
performed on the first photoresist layer 104 and the dielectric 
layer 103 using the second photoresist layer 108 as a mask. 
3 0 The second anisotropic etching E2 includes reactive ion 
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etching (RIE) or plasma etching. The etching parameters are 
selected from which the etching rates of the sacrificial layer 
106 and the second photoresist layer 108 are equivalent. When 
the second photoresist layer 108 is etched exposing the 
5 sacrificial layer 106, the interconnect trench pattern 107 can 
be transferred to the first photoresist layer 104. The 
dielectric layer 103 is etched along the via contact hole 
pattern 105. 

Referring to FIG. 2G, a reactive ion etching is performed 

10 on the dielectric layer 103 using the sacrificial layer 106 
as a mask. The etching parameters are selected based on the 
etching rate of the dielectric layer 103 being higher than the 
etching rate of the first photoresist 104. The interconnect 
trench pattern 107 is transferred to the dielectric layer 103, 

15 then keep etching the dielectric layer 103 until the via 
contact 105 exposes the first conductive layer 102, thereby 
forming a via contact hole 109 in the dielectric layer 103. 
Thereafter, the sacrificial layer 106 and the first 
photoresist layer 104 are removed to achieve a dual damascene 

2 0 opening structure. 

Referring to FIG. 21, a second conductive layer (not 
shown) is formed on the dual damascene opening structure 
filling the via contact hole 109 and the interconnect trench 
110. The second conductive layer is made of Au, Cu, Ag, Al , 

25 W, or alloys thereof. It is preferable that the second 
conductive consist of Cu. A planarization is performed on the 
second conductive layer until exposing the dielectric layer 
103. The dual damascene interconnecting line structure 111 
having via contact 112 is thus completed. The planarization 

30 method is etch-back or chemical mechanical polishing (CMP) . 
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As shown in the preferred embodiment, the present 
invention provides a method for fabricating a dual damascene 
interconnecting line structure using a simplified process, 
thereby decreasing manufacturing cost. The depth of the 
5 interconnect trench is adjustable by altering the etching 
parameters, thereby changing the etching rate ratio of the 
first or second photoresist and the etching rate of the 
sacrificial layer . 

In the preferred embodiments described, the advantage of 

10 the method for fabricating a dual damascene interconnecting 
line structure is the use of tri- layer photoresists for a dual 
damascene interconnecting line structure, thereby simplifying 
the fabrication procedure and reducing manufacturing costs. 
Another advantage of the present invention is the method 

15 for fabricating a dual damascene interconnecting line 
structure without requiring an etch stop layer with high 
dielectric constant. Parasitic capacitance in the interlayer 
insulation layers is then decreased, and RC delay during 
operation of the semiconductor device decreases accordingly. 

20 Finally, while the invention has been described by way 

of example and in terms of the above, it is to be understood 
that the invention is not limited to the disclosed embodiments . 
On the contrary, it is intended to cover various modifications 
and similar arrangements as would be apparent to those skilled 

25 in the art. Therefore, the scope of the appended claims should 
be accorded the broadest interpretation so as to encompass all 
such modifications and similar arrangements. 
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